Although Web 2.0 tools like blogs and wikis have been used for supporting collaborative learning in higher education, there are not many reports about implementation of that resource on engineering in Brazil. In this way, the main purpose of this research is to use a wiki platform for online activities and evaluate how students collaborate with each other in online tasks. It was investigated how collaboration can be measured on wiki platform.
Introduction
The fast evolution of Information and Communication Technology (ICT) during the past two decades determined the way that people communicate, socialize, and learn. This event introduced a new generation of learners that have adopted mobile devices and Web 2.0 technologies such as Facebook® (facebook.com), Twitter® (twitter.com), YouTube® (youtube.com), Flickr® (flickr.com), blog, wiki, etc. to get information and communicate (May, Lensing, Tekkaya, & Grosch, 2014; Telefônica Foundation, 2014) . Web 1.0 technology was composed by applications focus on the content delivery. The next generation, Web 2.0, focus more on content creation by own user and social connectivity (O'Reilly & Battelle, 2005; Bennett, Bishop, Dalgarno, Waycott, & Kennedy, 2012) . According to some authors (O'Reilly & Battelle, 2005; Bennett et al., 2012; Hew & Cheung, 2013; Campión, Nalda, & Rivilla, 2012) , Web 2.0, also called "social media", could be defined by a set of definition tools and resources that allow high level of interactivity and communication between individuals. The Web 2.0 tools, such as blogs, wikis, podcasts, social bookmarking, photo sharing, instant messaging, etc., offer huge possibilities for collaboration as well. Especially for Brazilians, Telefônica Foundation (2014) reported that huge part of youth use social media to communicate and learn. They monitored and interviewed 1,440 Brazilian young people (16 to 24 years old) from all regions of the country to investigate about the internet habit of Brazilian students. They reported that 42.0% of Brazilian students use the mobile as main device to connect to the internet. The main Brazilian youth internet activities are communication (37.3%) followed by leisure (29.6%), reading (28.7%), and learning and education (28.1%).
Wikis and Higher Education
Ward Cunningham in 1995 introduced the concept of wikis when created the first wiki website known as Wiki Wiki Web (Wiki-Wiki-Web® Website, 2015) . The Hawaiian word for quick, wikiwiki, was the inspiration for the term wiki (Ebner, Kickmeier-Rust, & Holzinger, 2008; Abreu, Silva, Mendes, & Vinhas, 2012) . Further implementations of wiki platforms were CoWeb and Nupedia in 2000. The last one was succeeded by Wikipedia® (http://www.wikipedia.org) which was established in 2001 by Jimmy Wales and Larry Sanger (Guzdial, Hmelo, Hübscher, Nagel, Newstetter, Puntembakar, Shabo, Turns, & Kolodner, 1997) . Wikipedia® is an online editable multi language (about 250 different languages) encyclopedia that included topics published by common users from around the world. Wiki pages such as Wikipedia® can be composed by a variety of content e.g., text, images, graphs, and videos.
There are different software and platform and freely available on the internet for creating wikis, for example, MediaWiki® (https://www.mediawiki.org), TWiki® (http://twiki.org), DokuWiki® (https://www. dokuwiki.org) and Wikispaces® (http://www.wikispaces.com). MediaWiki®, TWiki®, and DokuWiki® are open source wiki software that is especially useful for web application and enterprise context. All of these three kinds of software mentioned before you must download the newest release from the corporation website, unpack and install/copy the files to your web space but some web server administration skill is necessary. Developers can extend the functionality of them with Plugins-programs that can easily be installed and used as part of the wiki software. In contrast, Wikispaces® is an online platform and it is not necessary to download and install software. Wikispaces® also provides a statistical report about the usage of the projects, i.e., pages accessed and date of access for all wiki project users. Most of wiki software/platform freely available can be applied for educational projects so educators should identify the features that are essential for the activity and depending on these features the best wiki software/platform might be chosen.
According to the University of Delaware's report (2008) , wiki can be classified into pure or hybrid as well. Hybrid wiki is moderated by experts, is private and users and changes are tracked. Those characteristics are suitable for education projects or activities because mediators can monitor the learners and their actions inside the wiki platform. Nevertheless, both pure and hybrid wiki can be used to support many different activities like brainstorming, group project, meeting support, make lists, collections of links, writing a collective web content, and building a group portfolio. Table 1 presents the main features of pure and hybrid wikis.
Researchers have conducted investigations to assess the actual use of wiki tools in the educational context. Abreu et al. (2012) conducted a survey was filled by 12 professors and 136 students who were involved in wiki-based tool activities. Based on the survey analyses, they affirmed that wikis are a solid technology elected and recognizable for a significant part of users. Gomes and Sousa (2013) introduced some activities to Information System Management classes whose the objective was to validate the desired Wiki outcomes for teaching and learning process. They concluded that teaching and learning through wikis platforms can contributes greatly to the development of teamwork processes, self-organization, integrity, and openness. In order to examine the use of wikis in English as a Foreign Language writing classroom, Wang (2014) investigated how wikis can facilitate collaboration and promote foreign language acquisition. Her findings suggested that wikis "increase the students' motivation to learn English enhance their writing confidence and promote their initiatives for social constructivist". 
Interactivity and Collaboration
Interactivity. Ebner et al. (2008) presented two characteristics of technology-enhanced learning that wikis highly support: interactivity and freedom. Learners are able to get and improve knowledge and solve problems in a cooperative way through interaction with content, with professors, and with other students. The authors also emphasize the level of students' freedom in a wiki environment is an important success factor of learning once it is possible to access it anytime, anywhere by anybody. According to Lamb (2004) and James (2014) , to provide interactivity and freedom, some rules are essential for a truly wiki project: all users may change anything, it must be provided simplified hypertext markup, sense of authorship and ownership is not allowed, content must be organized by context instead of chronology, main focus must be on content not on format, and content organization must be defined by the community.
Collaboration. Vygotsky introduced the concept of Zone of Proximal Development (ZPD), defined as the "distance between the actual developmental level as determined by independent problem-solving and the level of potential development as determined through problem solving under adult guidance or in collaboration with more capable peers" (Vygotsky, 1978) . His social-cultural learning theory originally refers to expert-novice or teacher-student interactions but it has been applied to supportive behaviors by which students can help each other in the classroom or online platform (Guerrero & Villamil, 2000; Li & Zhu, 2013; Cicconi, 2014; Hadjerrouit, 2014) . Online platforms offer new opportunities to work in groups, such as, wiki platforms with high interactivity potential that enables users to create and edit online hypertexts easily (Gomes & Sousa, 2013; Cheuk-Hang & Wei, 2014; Wang, 2014) . Editions and revisions can be made directly in the text and the changes can be synchronized or not. In the discussion page, students can argue about the specific subject and consequently they are encouraged to construct knowledge and develop critical thinking. In addition, previous research results demonstrated that wikis are also an efficient platform to measure collaboration (Lamb, 2004; University of Delaware, 2008; Hadjerrouit, 2014) . Wiki platforms provide tools that enable professors to evaluate individually the student's contribution level through history log and statistics resources. Despite the advantages of wiki platforms, students should be encouraged to collaborate with each other to make revisions on the text because most of learners are inclined to work independently of each other without peer support (Hadjerrouit, 2014; Wang, 2014) .
Research questions. ICT and Web 2.0 technologies can support teaching/learning process and improve important students' abilities from the 21st century providing to them opportunity to get control of your own learning process. The wiki technology, specially, is a great tool to improve collaboration and critical thinking skills (Gomes & Sousa, 2013; Cheuk-Hang & Wei, 2014; Wang, 2014; Wake & Modla, 2012) .
Although there are many reports about using wiki tool in educational environments, there is a lack of report about how to apply wiki resource in engineering education. In this way, the following questions were addressed to explore the characteristics of wikis for improving the abilities and skills of students:
1. How should collaboration be effectively measured on wiki platform? 2. What should be considered in wiki-based project for engineering education?
The following session of this article details an example of its application in civil engineering education and the methodology adopted to measure collaboration on wiki platform. Next session presents the obtained results. Conclusions that can be withdrawn from the research are presented in the last session.
Methodology Participants
A total of 40 students of the forth-year university from a face to face Civil Engineering course were asked to register on Wikispaces® platform to participate in four-week online activities. All of participants were enrolled in Reinforced Concrete Structures which is a compulsory discipline in Civil Engineering course. Students were randomly assigned to a group and each group was composed of eight students. Participation in the wiki project was a complimentary part of the course as homework task. All students had experience with working in groups, but none of them were familiar with wiki-based collaborative writing.
Wiki Platform
It chose Wikispaces® Classroom platform (http://wikispaces.com) as the project because it is a social writing platform for education suitable for collaborative learning. Some important characteristics of that platform are: (a) students can use it easily; (b) teacher and students can communicate and work on writing projects alone or in teams; (c) it provides assessment tools that give teachers the power to measure student contribution and engagement in real-time; and (d) it is possible to implement a hybrid wiki. Furthermore it works on modern browsers, tablets, and smart phone.
Activities on Wikispaces® Platform
Wiki-based project started on 24th November, 2014 and finished on 19th December, 2014. The first week of the project was reserved to introduce to students the main technical features of Wikispaces' platform. During this week they learned about the text editor and also about platform's main resources they need to edit and revise texts and communicate with peer. The project was detailed to students on the web environment, i.e., all information about the group tasks, production of final online pages, and assessment were posted in home page of wiki-based project.
The research theme was Reinforced Concrete Water Tank that makes part of content of Reinforced Concrete discipline. Five specific topics were chosen to be researched for this project: (1) Pathologies of concrete water tank; (2) Precast concrete water tank; (3) Underground water tank; (4) Elevated water tank; and (5) Ground water tank. The topics were randomly distributed to each group. Students worked together during the next two weeks in order to create a wiki document. All groups should develop informative online pages in Wikispaces® platform about their topic containing the following: (a) an overview, (b) theoretical rationale, (c) advantages, (d) disadvantages, and (e) practical applications. Students were provided with list of references with articles, books, and technical magazines available at university library. They were allowed to use additional resources like internet information. In this way, they were instructed to be careful, i.e., all internet information must be reliable and copyright must be preserved.
Two tasks were timetabled for each group. The first task-overview, theoretical rationale-started on 29th November and the maximum deadline for publications was 8th December. The second task-advantages, disadvantages, and practical applications-was timetabled to start on 9th December and the maximum deadline to finish task was 14th December. Forth week of the project was dedicated to professor's feedback.
Results
Statistical analysis, analysis of the editions, revisions, and comments, and informal interview were the instruments of data collection. The statistical analysis used in this study was provided by the Wikispaces® and Google Analytics® platforms. From Wikspaces® platform, what considered are number of editions, revisions, and comments. All particular student data, such as when, what, and how many times the students assigned to a session in the platform; the content of their messages, editions, and revisions also were taken from Wikspaces® platform. Stay length, most visited pages, and technology used to access were taken from Google Analytics®.
Collaboration in the History Log and Comments Space
Many aspects of wiki member can be measured such as amount of times accessed, number editions, revisions, and comments, etc. On revisions, for example, students can contribute to a wiki in many ways: add and remove new content, restructure existing content, revise text grammar and sentences, etc. Pfeil, Zaphiris, and Ang (2006) in their work about cultural differences in Wikipedia® collaboration editions categorized the editions types that were subdivided by authors into 13 possible actions: add information, add link, clarify information, delete information, delete link, fix link, format contributions, grammar alterations, mark-up language changes, reversion that is related to reverse vandalism action, spelling correction, style/typography contributions, and vandalism entries/actions. Based on the Pfeil, Zaphiris, and Ang's (2006) recommendations, the editions in this wiki project were categorized as shown in Table 2 .
The mark-up language category was not considered because creating a document on the Wikispaces' text editor is not necessary to use HTML code. Vandalism and reversion were not taken into account because the wiki project had not a public access. In addition, all edition categories have not the same importance degree in online activity. Moreover, to facilitate the verification of collaboration level, the categories were grouped by three levels of importance: (1) low, actions related to text format; (2) medium, actions related add or delete information; and (3) high, actions that clarify or modify information and grammar and spelling alterations. Table 2 summarizes all possible actions for editions and revisions and its collaboration level.
Wikispaces® platform also has space for comments and all of them were also analyzed. All comments were categorized the same way of edition, i.e., (1) low, comments related to text format, technical questions, or discussions about deadline and task division; (2) medium, comments related to the topic (adding information); and (3) high, support comments related to clarify or modify information, and fix mistakes.
Final grade was composed by statistic results (medium and high level of collaboration) and evaluation of the constructed pages. All page editions were categorized as medium level of collaboration, revisions were classified as low or high level, see Table 2 . And comments could be considered low, medium, or high level of collaboration. For pages' evaluation was taken into account content, organization, and bibliographic references. Groups 5 and 1 developed complete wiki pages with all required information; pages of these groups also had organized structure and extra information such as images, videos, and links. There were 100 editions, 104 revisions, and 132 comments and the groups 1 (26.19% of actions) and 5 (34.82% of actions) had better participation and the pages created by them met all requirements defined before. Total number of editions, revisions, comments, and the percentage of all actions for each group are shown in Table 3 that also presents the final grade. Graphic in Figure 1 shows low, medium, and high level of collaboration by group: 16.66% of all collaboration was categorized as high level, 45.24% as medium level, and 38.10% as low level. Group 5 had the best participation with 5.95% of high level collaboration and 16.96% of medium level of collaboration; and group 4 had the worse participation with 1.19% of high level contributions and 4.76% of medium level contributions. Participation of each student was evaluated by the number of medium and high level of editions, revisions, and comments they made. Table 4 presents the collaboration's level percentage by student in the wiki project. A total of 40 students assigned to the wiki project but eight of them did not participate (Table 4) , 80% of students contributed to the project. This wiki project had 336 actions computed, which means an average of 10.5 actions per student considering just assigned students that participate effectively (32). Reinforced Concrete Water Tank wiki project was accessed 3,327 times. All participants were allowed to visit any page, but they could edit only the pages of their group. The most visited pages were pages of group 5 Specific challenges were noticed when new technologies and methodologies, especially wikis, are implemented in higher education practices. The first one is that almost all the students do not know how to really collaborate with each other. To add and delete information were the more frequent collaborative actions (45.24%) identified in this online project and they were classified as medium level. It was also possible to observe that some groups may have good high-level collaboration, and others remain superficial or do not exist. In this way, it would be efficient to explain in detail all possible actions on wiki platform and its categorization and emphasizing the actions of high level collaboration.
Second one is that people are very competent in using ICTs in their daily lives but they need support to integrate technologies into teaching and learning process. Before introducing technological tools in their classes, professors have to be sure about the importance of pedagogy over technology. In this way, some suggestions are presented: (1) rethink the pedagogy in accordance to chosen technology to achieve good results; (2) plan content and teaching strategies for specific online platforms; and (3) spent some classes to demonstrate the functionality of the platform, including the text editor. Students are not always familiar with using technology in their learning process, they need support. As it was demonstrated through the results, students reported faced challenges to edit and format text and insert images on Wikispaces® platform. They think that a more user-friendly WYSIWYG edition mode could be provided by online platforms.
And finally, according to Waycott, Sheard, Thompson, and Clerehan (2013) , the use of social technologies in higher education could introduce new tensions for students and teachers when (1) students make their work visible to others; (2) teachers challenge the rules and established practices associated with university assessment; and (3) introduce new practices and pedagogical approaches. Meanwhile, Smith, Sheppard, Johnson, and Johnson (2005) reported that learning opportunities inside and outside classroom (diversity, technology, collaboration, community service, etc.) enhance learning. In addition, students are motivated and satisfied with schools that actively promote learning and stimulate social interaction (Smith et al., 2005) . It is appropriate to students be comfortable with how they represents themselves in online environment so it is convenient to educate students about taking care when publishing their work on social medias (Waycott et al., 2013) . To minimize the impact of new approaches' implementation, professors should consider negotiating with university the rules for assessment and paying attention on pedagogical aspects related to online learning.
Despite of all challenges, wiki platform is an important way to develop innovative activities and tasks based on learner-centered approach (LCA) in online environment. Wiki-based project provides opportunity for learners to participate actively in their own learning process; pedagogical activities in online environment can contribute to pro-active and collaborative writing and furthermore, wikis can improve the teaching and learning process greatly once it can contribute to development of students' abilities and skills such as: creative writing, organization, and critical thinking development.
Especially in engineering education, hybrid wiki can be used to support different activities like brainstorming, group project, and writing collective web content. It is important to clarify that the basic idea behind this proposed approach is not to discard the traditional classroom teaching method, but to create complementary alternatives, which aid lectures to improve student's engagement.
